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摘  要 
I 
 




通过 Scenedesmus dimorphus, Scenedesmus quadricauda, Chlorella sorokiniana, Chlorella 
vulgaris ESP-6 四种微藻对沼液中氮磷的利用进行筛选。结果表明 Chlorella sorokiniana 对氮、
磷的处理效果最好，经过 9 天能够完全吸收沼液中 64 mg/L 的氨氮和 13.1 mg/L 的磷酸盐。 
通过单因素试验获得了 Chlorella sorokiniana 的最佳培养条件，温度为 25 ℃,光照强度
为 7200 Lux,光暗比为 12:12 和通气量为 1 L/L∙min。在此优化条件下微藻生物量最高达到
0.79 g/L。 
Chlorella sorokiniana 的生长受到氨氮浓度的影响,发现其在氨氮浓度为 128 mg/L 时最大
生物量可达 1.15 g/L，此时蛋白质和多糖的最高产量分别可达 0.38 g/L 和 0.24 g/L。 
在膜式光生物反应器中，随着膜孔径从 0.1 μm 增大到 1 μm，Chlorella sorokiniana 的生
物量，氮和磷的吸收量分别下降了 0.42 g/L,12.05 mg/L 和 4.05 mg/L。与普通光合生物反应
器中的 Chlorella sorokiniana 对比可以看出悬浮物是抑制 Chlorella sorokiniana 的主要因素。
而膜式光生物反应器通过截留沼液中的悬浮物很好地解决了这一问题。 
在膜式光生物反应器中，设置不同微藻循环流速,在 150 mL/min 时 Chlorella sorokiniana
氮磷去除效果最好，9 天的时间，沼液中氨氮浓度由 128 mg/L 下降到 71.8 mg/L；磷酸盐浓
度由 26.2 mg/L 下降到 9.2 mg/L。继续增大微藻循环流速结果变化不明显。 
利用膜式光生物反应器对微藻 Chlorella sorokiniana 进行三批次连续培养。发现第一批
次时 Chlorella sorokiniana 具有 0.271 d-1的最大比生长速率， 28.64 mg/g.d 的最大氨氮吸收速
率和 11.96 mg/g.d 的最大磷酸盐吸收速率。第二批次时微藻 Chlorella sorokiniana 氮、磷吸收


















The biogas projects produce lots of biogas slurry, if emissions at random, not only damage the 
environment but also result in the waste of resources such as nitrogen and phosphorus. We made 
full use of microalgae culvated in the membrane biophotoreactor ( MPBR )to remove the ammonia 
and phosphate in the biogas slurry deeply for solving the problems. The main results and 
conclusions were obtained as follows: 
This research screened four species of microalgae, Scenedesmus dimorphus, Scenedesmus 
quadricauda, Chlorella sorokiniana and Chlorella vulgaris ESP-6 to remove the ammonia and 
phosphate in the biogas slurry. The results indicated that the Chlorella sorokiniana had the best 
results, and it could completely absorb 64 mg/L ammonia and 13.1 mg/L phosphate in biogas 
slurry during 9 days. 
We obtained the optimum culture condition for Chlorella sorokiniana by single factor 
experiment. The maximum biomass can achieve 0.79 g/L at the optimum culture condition, that the 
temperature was 25 ℃, the light illumination was 7200 Lux, the light/dark cycle was 12 h:12 h；
the  supplying gas flux was 1 L/L∙min. 
The Chlorella sorokiniana was affected by ammonia.concentration. The datas indicated that 
Chlorella sorokiniana had the most biomass of 1.15 g/L at the concentration of 128 mg/L ammonia, 
and the highest content of protein and carbohydrate can achieve 0.38 g/L and 0.24 g/L respectively. 
      In the membrane biophotoreactor, as the membrane pore size increased from 0.1 μm to 1 μm, 
the Chlorella sorokiniana biomass and the removal rate of nitrogen and phosphorus decreased by 
0.42 g/L,12.05 mg/L and 4.05 mg/L respectively. Contrast with the Chlorella sorokiniana 
cultivated in common biophotoreactor, we can see that the suspended solids was the key factor that 
was harmful to C. sorokiniana. But the membrane biophotoreactor solved the problem well by 
membrane retention of suspended solids. 
The experiments selected different the circulation velocity of C. sorokiniana in the membrane 
biophotoreactor. The Chlorella sorokiniana had the highest removal rate of ammomia and 
phosphorus at the 150 mL/min circulation velocity, and the ammonia concentration decreased from 
















biogas slurry during 9 days. And there was no obvious change in these indexes when the circulation 
velocity continued to increase. 
We made use of membrane biophotoreactor to cultivate Chlorella sorokiniana continuously 
which would continue for three batches. The results indicated that Chlorella sorokiniana had the 
fastest specific growth rate of 0.271 d
-1
, the fastest ammonia uptake rate of 28.64 mg/g.d and the 
fastest phosphorus uptake rate of 11.96 mg/g.d in the first batch. And the absorption amount of 
nitrogen and phosphorus were largest in the second batch, and the ammonia concentration 
decreased from 128 mg/L to 51.1 mg/L; the phosphate concentration decreased from 26.2 mg/L to 2 
mg/L. 

























第一章  前  言 
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第一章  前  言 
1.1  沼液特性及处理现状分析 











沼液中含有大量的微生物。路振香等[4]人研究表明沼液中含有105~106 cfu·mL - 1 之间的可培
养细菌含量，其中的革兰氏阴性菌含量多于革兰氏阳性菌含量，杆菌含量多于其他形态的菌
含量。 
表1-1  畜禽粪污沼气工程沼液的主要特征 
Table1-1  The main characteristics of the biogas slurry in biogas project of fecal residue and 
waste water 
种类 











禽 4000~10000 1600~3200 50~300 3500~10000 8.0~ 8.5 
猪 200~4000 200~800 20~150 30~300 7.2 ~8.6 




















表1-2  集约化畜禽养殖业水污染物排放浓度( mg·L-1 ) 
Table1-2  The effluent concentration of water pollutants in intensive livestock and poultry 
breeding industry 
控制项目 BOD5 CODcr SS NH3-N TP 
标准值 150 400 200 80 8 
 
1.1.2  沼液处理研究和应用现状  
    大量沼液从我国大中型沼气工程产生, 而又没有完善的储存与运输设备, 加上运输成本
与土地不足的限制, 导致无法广泛实施沼液还田, 若直接排放沼液又会污染土壤、地表以及
地下水。因此, 为了高效利用沼液, 并防止污染环境，应探究适宜的技术处理沼液。其主要

















































    沼液含有丰富的营养成分，既含有大量常量元素如氮、磷、钾等，又含有多种微量元素、
水解酶、腐殖酸、有机酸、氨基酸、细胞分裂素、B族维生素、赤霉素、生长素及某些抗菌
素等生物活性物质，且主要为速效态养分[19]。 


























1.2  微藻在污水处理中的应用 





















































活性污泥过程和磷沉淀及其它消化过程,经过 2 至 4 周的生物测定, 月牙藻可利用废水中平
均总磷的 36 %,可溶性磷被全部除去, 系统的处理效率被进一步提高了[30-33]。 
目前国内利用藻类废水治理的有关报导日渐增多[33, 34],但大多停留在筛选藻种阶段, 尚
不多见成功将藻类大规模投入处理污水及产业化的报道。四川大学的逮多[35],利用沙角衣藻
等 4 种藻去除污水中的磷, 70 %以上的磷可被去除；西安建筑科技大学的邢丽贞、张彦浩[36, 
37],利用藻类固定化去除污水中的氮、磷, 90 %以上的氨氮及磷酸盐可被去除；同济大学的周


















表 1-3 列举了近年国内外不同藻种用于处理污水中氮、磷的例子。 
表 1-3  近年用于处理污水的藻种 
Table1-3  The microalgae strains for wastewater treatment in recent years 
藻种 处理效果 文献 
Chaetoceros gracilis 污泥混合液中 N、P 达国家一级排放标准 谢爽（中国海洋大学，2010）[40] 
Scenedesmus 
dimorphus 
去除市政污水 97~98%的 TN,100%的 TP 吕素娟（中国海洋大学，2011）[41] 
Chlorella vulgaris 去除沼液 91.2%的 TN,95.3%的 TP 李超（复旦大学，2012）[42] 
Desmodesmus 
insignis 
去除奶牛场废水 76.3%的 TN,98.5%的 TP 沈丹丹（暨南大学，2013）[43] 
Scenedesmus 
obliquus 
市政污水 TN、TP 均达到一级 A 排放标准 韩松芳（哈尔滨工业大学，2013）[44] 
Spirulina platensis 去除尿液 87-95%的 TN，74-77%的 TP 常圆圆（浙江大学，2013）
[45]
 
Chlorella sp. 227 去除沼液 91.2%的 TN,95.3%的 TP Sunja Cho,et al.（2011）[46] 





去除市政污水 50%氨氮和 60%磷酸盐 Gurdev Singh,et al.(2012)[48] 
Chlorella vulgaris 
ESP -6 
去除市政污水 97%氨氮和 98%磷酸盐 He P.J,et al.（2013）[49] 
Chlorella sp. 去除沼液 83.9%的 TN,80.4%的 TP Cheng Yan,et al.(2013)
[50] 
Scenedesmus acutus 去除市政污水 94%有机氮和 66%磷酸盐 Manuel Sacristán de Alva(2013)[51] 
 




废水为培养液培养斜生栅藻，5 %废水时的比生长速率较 100 %废水时上升 2 倍以上。Wang
等[53]以一株野外分离的小球藻处理厌氧消化后的牛粪废液，在不同稀释倍数下氨氮均能完全
去除，总磷的去除率则由 15 倍稀释时的 62.5 %上升到 25 倍稀释时的 74.4 %。Woertz 等[54]
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